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(54) Misfire detecting device for gasoline internal combustion engine 



(57) A method of detecting a misfire of a gasoline 
internal combustion engine is provided. By this method, 
a high voltage pulse which is not so high as to cause 
spark discharge, is applied to a secondary winding side 
of an ignition coil by way of a diode during the time after 
completion of spark discharge and before generation of 
a high voltage for next ignition, a misfire at each cylinder 



is detected on the basis of a decay characteristic of a 
voltage at a cathode side of the diode, and a charge 
accumulated at the secondary winding side of the igni- 
tion coil is forcedly discharged before a next high voltage 
pulse is supplied to the secondary winding side. A device 
for carrying out the above method is also provided. 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a misfire detecting 
device for a gasoline internal combustion engine. 

2. Description of the Prior Art 

A prior art single-ended distrtoutorless ignition sys- 
tem is shown by way of example in Fig. 9. The ignition 
system is of the type for use in a two-cylinder internal 
combustion engine and has ignition coils 920 and 921 , 
power transistors 924 and 925 for allowing battery cur- 
rent to flow intermittently through the primary windings 
922 and 923 of the ignition coils 920 and 921 , an engine 
control unit (ECU) 926 for delivering an ignition signal to 
the power transistors 924 and 925. and spark plugs 927 
and 928. 

In recent years, there has been an increasing 
demand for detection of a misfire of an internal combus- 
tion engine. 

SUMMARY OF THE PRESE NT INVENTION 

According to an aspect of the present invention, 
there is provided a method of detecting a misfire of an 
ignition system for making primary current flow intermit- 
tently through a primary winding of an ignition coil for 
thereby producing a high voltage for ignition in a second- 
ary winding, and supplying the high voltage for ignition 
produced in the secondary winding to spark plugs pro- 
vided to respective cylinders of a multi -cylinder internal 
combustion engine. The method comprises the steps of 
applying a high voltage pulse which is not so high as to 
cause spark discharge, to the secondary winding side 
by way of a diode during the time after completion of 
spark discharge and before generation of a high voltage 
for next ignition, detecting a misfire at each cylinder on 
the basis of a decay characteristic of a voltage at a cath- 
ode side of the diode, and discharging a charge accu- 
mulated at the secondary winding side of the ignition coil 
before a next high voltage pulse is supplied to the sec- 
ondary winding side. When primary current flows 
through the primary winding intermittently, a high voltage 
for ignition is produced in the secondary winding. The 
high voltage for ignition produced in the secondary wind- 
ing is supplied to each spark plugs byway of high tension 
codes (in case of a distributor type ignition system, also 
through a distributor). During the time after spark dis- 
charge is completed and before a high voltage for next 
ignition is induced in the secondary winding of the igni- 
tion coil, a high voltage pulse which is not so high as to 
cause spark discharge is applied to the secondary wind- 
ing side by way of a diode. In the case where normal 
combustion takes place in a cylinder, ion current flows 
across the center electrode and the outer electrode of 



the spark plug provided to the cylinder. Thus, when the 
high voltage pulse is applied, the charge due to the high 
voltage pulse, is discharged as ion current, and the volt- 
age produced at the cathode side of the diode drops in 

s a short time such that the normal combustion can be 
detected. In the case where a misfire due to combustion 
failure occurs in a certain cylinder, ion current does not 
flow across the center electrode and the outer electrode 
of the spark plug. As a result, when the high voltage pulse 

w is applied, the resulting charge is hard to discharge so 
that the voltage produced at the cathode side of the diode 
drops gradually to enable detection of the misfire. On the 
other hand, in the case where a misfire due to discharge 
failure occurs, the charge due to the high voltage for igni- 

15 tion is accumulated in the floating capacity. However, the 
accumulated charge is discharged by the discharge 
means before application of the high voltage pulse. 
When the high voltage pulse for detection of a misfire is 
applied, the resulting charge is hard to discharge so that 

20 the voltage at the cathode side of the diode drops grad- 
ually to enable detection of the misfire. In the meantime, 
though the charge is accumulated again at the time of 
next ignition, the accumulated charge is discharged 
before a next high voltage pulse is supplied. The above 

25 method is advantageous since the charge accumulated 
at the secondary winding side of the ignition coil as a 
result of a misfire due to discharge failure is discharged 
before application of the next high voltage pulse, 
whereby it becomes possible to apply a high voltage 

30 pulse for detection of a misfire and observe the decay 
characteristic of the voltage produced at the cathode 
side of the diode each time, and a misfire other than the 
misfire due to combustion failure (such as a misfire due 
to discharge failure, i.e., a misfire due to the fact that the 

35 spark plug does not fire or discharge) can be detected 
assuredly. In the meantime, this method does not require 
that a circuit or diode for producing a high voltage pulse 
be provided to each cylinder, so considerable increase 
in cost is not incurred and the space for arrangement is 

40 not increased considerably. 

According to another aspect of the present inven- 
tion, there is provided a misfire detecting device for a sin- 
gle-ended distributorless ignition system having ignition 
coils of the same number as cylinders of an engine and 

45 each having a primary winding and a secondary winding 
independent from the primary winding, primary current 
supplying means for supplying battery current to the pri- 
mary windings of the ignition coils intermittently and in 
turn, and spark plugs provided to the respective cylinders 

so of the engine and each connected at a center electrode 
side to one end of the secondary winding and at an outer 
electrode side to a cylinder side for grounding. The mis- 
fire detecting device comprises pulse generating means 
for generating a high voltage pulse which is not so high 

55 as to cause spark discharge during the time after com- 
pletion of spark discharge of one of the spark plugs and 
before application of a high voltage for ignition to another 
of the spark plugs which is to discharge next, reverse 
current preventing diodes each for applying the high volt- 
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age pulse to another end of the secondary winding, volt- 
age dividing means for dividing a voltage at the other end 
of the secondary winding to obtain a divided voltage 
thereat, detecting means for detecting a misfire on the 
basis of a decay characteristic of the divided voltage after 
application of the high voltage pulse, and discharge 
means for discharging a charge accumulated in the sec- 
ondary winding of each of the ignition coils before the 
pulse generating means generates a next high voltage 
pulse. When the primary current supplying means 
makes buttery current flow through the ignition coils 
intermittently and in turn, a high voltage for ignition is 
induced in the secondary windings in turn. The spark 
plugs thus perform spark discharge in turn. The pulse 
generating means outputs a high voltage pulse which is 
not so high as to cause spark discharge during the time 
after completion of spark discharge of one of the spark 
plugs and before application of a high voltage for ignition 
to another one of spark plugs which is to discharge next. 
The high voltage pulse is applied to the other end of each 
of the ignition coils by way of the reverse current prevent- 
ing diode and then applied from one end of the second- 
ary winding to the center electrode of each of the spark 
plugs. The voltage dividing means divides the voltage at 
the cathode side of the diode so that the voltage at the 
cathode side of the diode is within an allowable input 
range of the misfire detecting means. In the case where 
normal combustion takes place within a cylinder, ion cur- 
rent flows across the center electrode and the outer elec- 
trode of the spark plug provided to the cylinder. For this 
reason, when the high voltage pulse is applied, the 
charge caused by the high voltage pulse is discharged 
as ion current so that the voltage at the cathode side of 
the diode drops in a short time to enable detection of the 
normal combustion. In the case where a misfire due to 
combustion failure occurs in a certain cylinder, ion cur- 
rent does not flow across the center electrode and the 
outer electrode of the spark plug provided to the cylinder. 
For this reason, when the high voltage pulse is applied, 
the charge caused by the high voltage pulse is hard to 
discharge so that the voltage at the cathode side of the 
diode drops gradually to enable detection of the misfire. 
In the meantime, the remaining charge as a result of 
application of the high voltage pulse is discharged all at 
the time of next spark discharge of the spark plug pro- 
vided to the cylinder. On the other hand, in the case 
where a misfire due to discharge failure occurs, a high 
voltage for ignition is accumulated at the secondary 
winding side. However, the accumulated charge is dis- 
charged by the discharge means before the pulse gen- 
erating means outputs a high voltage pulse. Thus, when 
the high voltage pulse is applied, the voltage at the cath- 
ode side of the diode drops gradually (since the charge 
is hard to be relieved) to enable detection of the misfire. 
In the meantime, though the charge due to the high volt- 
age for ignition is accumulated again at the secondary 
winding side at the time of next ignition, the accumulated 
charge is discharged by the discharge means before the 
high voltage pulse is supplied from the pulse generating 



means. The single-ended distributorless ignition system 
having incorporated therein the misfire detecting means 
is constructed such that the charge accumulated at the 
secondary winding side of the ignition coil (such accu- 

5 mulation of charge occurs when a misfire due to dis- 
charge failure occurs) is discharged by the discharge 
means before application of the high voltage pulse. For 
this reason, when the pulse generating means applies a 
high voltage pulse to the other end of the secondary 

w winding by way of the diode, the misfire detecting means 
can detect the decay characteristic of the voltage at the 
cathode side of the diode correctly each time and there- 
fore a misfire other than a misfire due to combustion fail- 
ure (i.e., a misfire due to discharge failure, which is 

is caused by the fact that the spark plug does not fire or 
discharge) can also be detected assuredly. In the mean- 
time, since it is not necessary to provide the pulse gen- 
erating means, voltage dividing means and diodes to 
each cylinders, considerable increase in cost is not 

20 incurred and a space for arrangement does not increase 
considerably. 

According to a further aspect of the present inven- 
tion, there is provided a misfire detecting device for a 
double-ended distributorless ignition system having a 

25 plurality of ignition coils for simultaneous spark, primary 
current supplying means for supplying battery current to 
primary windings of the ignition coils intermittently and 
in turn, and positive ignition spark plugs connected at 
center electrodes to positive pole sides of respective sec- 

30 ondary windings of the ignition coils and grounded at 
outer electrodes, negative ignition spark plugs con- 
nected at center electrodes to negative pole sides of the 
respective secondary windings and grounded at outer 
electrodes. The misfire detecting device comprises 

35 pulse generating means for generating a positive polarity 
pulse which is not so high as to cause spark discharge, 
during the time after completion of spark discharge of 
one of the spark plugs and before application of a high 
voltage for ignition to another of the spark plugs which is 

40 to discharge next, first diodes connected at anodes to an 
output end of the pulse generating means, second 
diodes connected at anodes to the cathodes of the 
respective first diodes and at cathodes to positive pole 
sides of the respective secondary windings, voltage 

45 dividing means for dividing voltages at connecting lines 
connecting between the cathodes of the first diodes and 
the anodes of the second diodes to obtain divided volt- 
ages thereat, detecting means for detecting a misfire on 
the basis of decay characteristics of the divided voltages 

so after application of the high voltage pulse, and discharge 
means for discharging a charge accumulated in each of 
the connecting lines before the pulse generating means 
generates a next high voltage pulse. When the primary 
current supplying means makes primary current flow 

55 through the primary windings of the ignition coils for the 
spark plugs for simultaneous ignition intermittently and 
in turn, a high voltage pulse is induced in the secondary 
windings in turn. A pair of spark plugs connected to the 
same ignition coil are caused to discharge by application 
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of a high voltage. The pulse generating means outputs 
a high voltage pulse which is not so high as to cause 
spark discharge after completion of spark discharge of 
the pair of spark plugs and before beginning of spark dis- 
charge of a pair of spark plugs which are to discharge 
next. The high voltage pulse is transmitted to the positive 
pole side of the secondary winding of each of the ignition 
coils by way of the first diode and the second diode and 
then applied directly or by way of the secondary winding 
to the center electrode of each of the spark plugs. The 
voltage dividing means divides the voltage at the con- 
necting line so that the voltage at the connecting line is 
included within an allowable input range of the misfire 
detecting means. In the case where normal combustion 
takes place within a cylinder, ion current flows across the 
center electrode and the outer electrode of the spark 
plug provided to the cylinder. Thus, when the high volt- 
age pulse is applied, the resulting charge is discharged 
as ion current so that the voltage at the connecting line 
drops in a short time to enable detection of the normal 
combustion. In the case where a misfire due to discharge 
failure occurs, the charge caused by the high voltage 
pulse and the high voltage for ignition is accumulated in 
the connecting line. However, the accumulated charge 
is discharged by the discharge means before the pulse 
generating means generates a next high voltage pulse. 
Thus, when the high voltage pulse is applied, the voltage 
at the cathode side of the diode drops gradually (since 
the charge is hard to be relieved) to enable detection of 
the misfire. In the meantime, the charge due to the high 
voltage for ignition is accumulated again in the connect- 
ing line at the time of next ignition, the accumulated 
charge is discharged by the discharge means before the 
high voltage pulse is supplied from the pulse generating 
means. The double-ended distributorless ignition sys- 
tem having incorporated therein a misfire detecting 
device is constructed such that the discharge means dis- 
charges the charge accumulated in the connecting line 
(such accumulation of charge occurs when a misfire due 
to discharge failure occurs) before the high voltage pulse 
is outputted. For this reason, when the pulse generating 
means outputs the high voltage pulse, the decay char- 
acteristic of the voltage (i.e., the voltage drops gradually 
at this time) at the connecting line can be detected cor- 
rectly each time, and thus a misfire other than a misfire 
due to combustion failure, i.e., a misfire due to discharge 
failure, that is caused by the fact that the spark plug does 
not fire or discharge, can be judged assuredly. In the 
meantime, it is not necessary to provide the pulse gen- 
erating means, voltage dividing means, and diodes to 
each cylinders, considerable increase in cost is not 
incurred and a space for arrangement is not increased 
considerably. 

According to a further aspect of the present inven- 
tion, there is provided a misfire detecting device for an 
ignition having an ignition coil having a primary winding 
and a secondary winding, primary current supplying 
means for intermittently supplying battery current to the 
primary winding of the ignition coil, a distributor con- 



nected at a rotor side to one end of the secondary wind- 
ing, and a spark plug for each cylinder, connected at a 
center electrode to a side electrode of the distributor by 
way of a high tension code and grounded at an outer 

5 electrode side to a cylinder side, The misfire detecting 
device comprises pulse generating means for generating 
a high voltage pulse which is not so high as to cause 
spark discharge just after completion of the discharge of 
the spark plug, a first diode connected at an anode to an 

w output end of the pulse generating means, a second 
diode connected at an anode to a cathode of the first 
diode and at a cathode to the high tension code, voltage 
dividing means for dividing a voltage at a connecting line 
connecting between the cathode of the first diode and 

15 the anode of the second diode to obtain a divided voltage 
thereat, detecting means for detecting a misfire on the 
basis of a decay characteristic of the divided voltage after 
application of the high voltage pulse, and discharge 
means for discharging a charge accumulated in the con- 

20 necting line before the pulse generating means gener- 
ates a next high voltage pulse. When the primary current 
makes battery current flow through the primary winding 
of the ignition coil intermittently and in turn, a high voltage 
for ignition is induced in the secondary winding. The high 

25 voltage for ignition is applied from the rotor side and 
through the side electrode to the spark plug provided to 
the cylinder at the firing cycle, and the spark plug is 
caused to discharge. The pulse generating means out- 
puts a high voltage pulse which is not so high as to cause 

30 spark discharge after completion of spark discharge of 
the spark plug, and the high voltage pulse is applied to 
the center electrode of the spark plug by way of the first 
diode, second diode and high tension code. The voltage 
dividing means divides the voltage at the connecting line 

35 connecting between the cathode of the first diode and 
the anode of the second diode so that the voltage at the 
connecting line is included within an allowable output 
range of the misfire detecting means. In the case where 
normal combustion occurs in a cylinder, ion current flows 

40 across the center electrode and the outer electrode of 
the spark plug provided to the cylinder. Thus, when the 
high voltage pulse is applied, the resulting charge is dis- 
charged as ion current so that the voltage at the connect- 
ing line drops in a short time. In the case where a misfire 

45 occurs in a certain cylinder, ion current does not flow 
across the center electrode and the outer electrode of 
the spark plug provided to the cylinder. For this reason, 
by application of the high voltage pulse, a charge is accu- 
mulated in the connecting line. So, when the high voltage 

so pulse is applied, the voltage at the connecting line drops 
gradually. In the meantime, the charge accumulated in 
the connecting line is cleared by discharge at the time of 
y next spark discharge of the spark plug. On the other 
hand, in the case where a misfire due to discharge failure 

55 occurs in a certain cylinder, the charge caused by the 
high voltage pulse and the high voltage for ignition is 
accumulated in the connecting line. However, the charge 
accumulated in the connecting line is discharged by the 
discharge means before the pulse generating means 
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outputs a next high voltage pulse. The distributor type 
ignition system having incorporated therein the misfire 
detecting means is constructed so that the discharge 
means discharges the charge, which is accumulated in 
the connecting line (such accumulation of charge occurs 5 
when a misfire due to discharge failure occurs) when a 
misfire due to discharge failure occurs, before a next high 
voltage pulse is outputted. For this reason, when the 
pulse generating means outputs a high voltage pulse, the 
decay characteristic of the voltage at the connecting line 
can be detected correctly each time, so a misfire other 
than a misfire due to combustion failure, i.e., a misfire 
due to discharge failure, that is caused by the fact that 
the spark plug does not fire or discharge, can be judged 
assuredly. In the meantime, since it is not necessary to 
provide the putse generating means to each cylinders, a 
considerable increase in cost is not incurred. 

According to a further aspect of the present inven- 
tion, the above described discharge means comprises a 
semiconductor device selected from the group consist- 
ing of a transistor, MOS-FETand thyristor. Thedischarge 
means discharges the charge accumulated in the con- 
necting tine connecting between the secondary winding 
of the ignition coil or the first diode and the second diode, 
before the pulse generating means output a next high 
voltage pulse. However, in consideration of the misfire 
detecting characteristic of the misfire detecting means, 
that is, in consideration of the influence to the decay char- 
acteristic of the divided voltage, it is desired that the dis- 
charge is performed after application of a high voltage 
for ignition and just before a high voltage pulse is output- 
ted. To this end, it is suitable to use a semiconductor 
device capable of operating at high speed. The MOS- 
FET is operative to serve as a diode which conducts in 
response to reverse voltage, thus is not broken by the 
reverse voltage and has a function of a zero resetting 
diode for relieving the negative charge remaining in a 
floating capacity and thereby preventing drop of voltage 
of the high voltage pulse. Due to this, in the case where 
the discharge means is constituted by MOS-FET, an 
effect similar to that obtained by the disposition of a zero 
resetting diode can be obtained. On the other hand, the 
withstand voltage of the diode for applying a high voltage 
pulse to the secondary winding and the high tension 
code is determined so that the diode is not broken by the 
voltage caused at the time of a misfire, i.e., a voltage that 
is induced in the secondary winding and decays while 
vibrating since it has no place to go. In the case where 
the semiconductor device is a transistor or MOS-FET, it 
is necessary to set the withstand voltage of the semicon- 
ductor device to be higher than that of the diode. In the 
meantime, for a high withstand voltage, a high grade and 
large capacity one is necessitated. However, in the case 
where the discharge means is constituted by a thyristor. 
it only conducts when a voltage applied thereto is higher 
than a withstand voltage (i.e., it is not broken), so it will 
suffice so long as it has a withstand voltage necessary 
for detection, and therefore it has no problem on the with- 
stand voltage. Further, a thyristor of a high withstand volt- 



age but of a small capacity can be obtained with ease. 
Since the discharge means is constituted by a semicon- 
ductor switch such as a transistor, MOS-FET, thyristor, it 
can operate at high speed. For this reason, thedischarge 
means can be operated correctly at the timing after appli- 
cation of the high voltage for ignition and just before out- 
put of the high voltage pulse for detection of a misfire, so 
that the charge can be relieved assuredly. In the case 
where discharge means is constituted by MOS-FET, it 
can dispense with a zero resetting diode and it can be 
prevented from being broken by reverse voltage. In the 
case where the discharge means is constituted by a thy- 
ristor, a thyristor of a high withstand voltage but of a small 
capacity can be obtained with ease, so the part cost can 
be lowered. Further, it is prevented from being broken by 
reverse voltage since it only conducts when such a volt- 
age is applied across it. 

According to a further aspect of the present inven- 
tion, the above described pulse generating means com- 
prises a boosting coil unit having a primary coil and a 
secondary coil having more turns than the primary coil, 
and a semiconductor switching device for making current 
flow intermittently through the primary coil in response 
to a control pulse signal supplied thereto, the control sig- 
nal being also supplied to the semiconductor device so 
that when the control pulse signal is in a high level con- 
dition the semiconductor device conducts to carry out 
forced discharge and when the control pulse signal is 
changed from a high level condition to a low level condi- 
tion the high voltage pulse is generated in the secondary 
coil of the boosting coil unit. When the control pulse sig- 
nal inputted to the semiconductor device attains a high 
level, the semiconductor device conducts and the dis- 
charge means forcedly discharges the charge accumu- 
lated in the secondary winding of the ignition coil or the 
connecting line. When the control signal changes from 
a high level state to a low level state, the semiconductor 
device is put in an insulating condition and simultane- 
ously a high voltage pulse is produced in the secondary 
coil of a boosting coil unit, Since by using the control 
pulse signal for producing the high voltage pulse for 
detection of a misfire the operation of the semiconductor 
device of the discharge means can be controlled, a sig- 
nal for controlling the semiconductor device is not 
required independently. 

According to a further aspect of the present inven- 
tion, the discharge means is connected in parallel to the 
voltage dividing means and comprises a resistor having 
a resistance which is larger than a resistance caused 
across electrodes of the spark plug after normal com- 
bustion. The charge accumulated in the connecting line 
is discharged through the resistor with a predetermined 
time constant. The discharge means is constituted by 
using a semiconductor device such as transistor, MOS- 
FETand thyristor and forcedly discharges the charge just 
before application of the high voltage pulse By this, while 
it becomes possible to discharge the accumulated 
charge just before application of the high voltage pulse, 
the semiconductor device is costly. On the other hand, 
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since it will do to discharge the charge accumulated in 
the ignition system before the pulse generating means 
outputs a next high voltage pulse, the accumulated 
charge can be discharged gradually with a predeter- 
mined time constant so long as such gradual discharge 5 
does not affect the misfire detecting characteristic of the 
misfire detecting means. In this instance, it will do to con- 
nect a resistor having a resistance larger than at least a 
resistance caused across the electrodes of the spark 
plug after normal combustion, in parallel to the voltage 10 
dividing means and discharge the accumulated charge 
with a predetermined time constant by using the resistor. 
In the meantime, the reason why the resistance of the 
resistor connected in parallel to the discharge means is 
set to be larger than that caused across the electrodes 15 
of the spark plug after normal combustion is that if the 
resistance of the resistor is smaller, the decay character- 
istic of the voltage obtained by the voltage dividing 
means after application of the high voltage pulse is deter- 
mined by the discharge characteristic of the resistor, thus 20 
making it impossible to distinguish normal combustion 
from a misfire due to combustion failure or misfire due to 
discharge failure based on the decay characteristic. 
Since the resistor connected in parallel to the voltage 
dividing means is used for constituting the discharge 2 s 
means, the accumulated charge is discharged continu- 
ously with a predetermined time constant. Thus, by set- 
ting the resistance of the resistor to a relatively large 
value, an effect similar to that in case the semiconductor 
device used is obtained at a quite low cost. 30 

It is accordingly an object of the present invention to 
provide a method of detecting a misfire in a gasoline 
internal combustion engine which can assuredly detect 
a misfire due to combustion failure and a misfire due to 
discharge failure. 35 

It is a further object of the present invention to pro- 
vide a device for carrying out the above method, which 
is of the above described character and which is inex- 
pensive and does not require a large space though reli- 
able in operation. 40 

BRIEF DES CRIPTION OF THE DRAWINGS 

Fig. 1 is a circuit diagram of a single-ended distrib- 
utorless ignition system having incorporated therein 45 
a misfire detecting device according to an embodi- 
ment of the present invention; 
Figs. 2A to 2C are diagrammatic views for illustrating 
connection of semiconductor devices for use in a 
discharge circuit of the ignition system of Fig. 1 ; so 
Fig. 3 is a chart of various signal and output wave- 
forms in the ignition system of Fig. 1 when normal 
combustion takes place at each cylinders; 
Fig. 4 is a chart of various signal and output wave- 
forms in the ignition system of Fig. 1 when a misfire 55 
due to combustion failure takes place at a #2 cylin- 
der; 

Fig. 5 is a chart of various signal and output wave- 
forms in the ignition system of Fig. 1 when a misfire 



due to discharge failure takes place at the #2 cylin- 
der; 

Fig. 6 is a circuit diagram of a double-ended distrib- 
utorless ignition system having incorporated therein 
a misfire detecting device according to another 
embodiment of the present invention; 
Fig. 7 is a circuit diagram of a distributor type ignition 
system having incorporated therein a misfire detect- 
ing device according to a further embodiment of the 
present invention; 

Fig. 8 is a circuit diagram of a double-ended distrib- 
utorless ignition system having incorporated therein 
a misfire detecting device which has a discharge 
means constituted by using a resistor; 
Fig. 9 is a circuit diagram of a prior art single-ended 
distributor less ignition system; 
Fig. 10 is a circuit diagram having incorporated 
therein a misfire detecting device which is a trial 
product made by the applicant; 
Fig. 1 1 is a chart of various signal and output wave- 
forms in the ignition system of Fig. 1 0 when a misfire 
due to combustion failure takes place at a #2 cylin- 
der; and 

Fig. 1 2 is a chart of various signal and output wave- 
forms in the ignition system of Fig. 10 when a misfire 
due to discharge failure takes place at the #2 cylin- 
der. 



DETAILED D ESCRIPTION OF THE PREFERRED 
EMBODIMENTS 



In order to meet with the demand for detection of a 
misfire in an internal combustion engine, a single-ended 
distrtoutorless ignition system "S* having incorporated 
therein a combustion condition or misfire detecting 
device (for four-cylinder engine) shown in Fig. 10 was 
made by way of trial by the applicant based on the prin- 
ciple that charge is discharged by ion current 

Referring to Fig. 10, the single-ended misfire detect- 
ing device "S" includes ignition coils 1 , a battery 21 and 
power transistors 22 connected to primary windings 1 1 
of the ignition coils 1, an engine control unit (ECU) 3 for 
delivering ignition signals 31 to the power transistors 22, 
spark plugs 10 having center electrodes connected to 
secondary positive terminals 121 of secondary windings 
1 2, a pulse generating circuit 4 for generating a high volt- 
age pulse 40 in response to a pulse generation instruct- 
ing signal 32, diodes 5 connected across a secondary 
terminal 441 and respective negative terminals 122, con- 
denser voltage dividing circuits 6 for dividing the voltages 
at the cathode sides of the diodes 5, and a combustion 
condition or misfire detecting circuit 8 for detecting a 
combustion condition or misfire on the basis of the decay 
characteristics of the divided voltages 60. etc. (e.g., on 
the basis of the time during which a comparison output 
with respect to an amplification output curve 601 and a 
peak hold is maintained at a high level). 
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In the single-ended distributorless ignition system 
"S", when all of the spark plugs fire or ignite the fuel nor- 
mally, signals exhibit such waveforms shown in Fig. 3. 

The high voltagepulse 40 which is to be applied after 
firing of one of the spark plugs 1 0, is applied to the spark s 
plugs 1 0 of all of the cylinders. 

For example, at the elapsed times 802 and 804, any 
of the spark plugs 10 for a #2 cylinder and #4 cylinder is 
not yet fired, so the amplification output curve 601 
accompanied by the high voltage pulse 40 applied to the 10 
secondary windings 1 2 of the #2 cylinder and #4 cylinder, 
drops gradually. 

Further, at elapsed times 801 and 803. it is the time 
just after the spark plug 10 of the #4 cylinder or #2 cyl- 
inder has fired, so that ion current flows and the amplifi- is 
cation output curve 601 accompanied by the high voltage 
40 applied to the secondary windings 1 2 of the #4 cylin- 
der and #2 cylinder drops rapidly. Due to this, the misfire 
detecting section of the misfire detecting circuit 8 allotted 
to the #4 cylinder and #2 cylinder judges at the elapsed 20 
times 801 and 803 and based on the comparison output 
81 of the short pulse width that normal combustion is car- 
ried out at the #4 cylinder and #2 cylinder. 

In the case where a misfire due to combustion failure 
(i.e., a misfire caused by the fact that the spark plug fires 25 
or discharges but combustion of the fuel does not take 
place) of the spark plug 10 for the #2 cylinder occurs, 
signals exhibit such waveforms shown in Fig. 11. 

In this case, a gradually decaying amplification out- 
put curve 601 is obtained at the elapsed time 803 due to 30 
the charge caused by the high voltage pulse 40 which is 
applied by way of the secondary winding 1 2 to the spark 
plug 1 0 for the #2 cylinder since ion current does not flow. 
For this reason, the misfire detecting section of the mis- 
fire detecting circuit 8 allotted to the #2 cylinder and #4 35 
cylinder judges at the elapsed time 803 and based on 
the comparison output 81 of the long pulse width that a 
misfire is caused at the #2 cylinder. 

In the meantime, the charge caused by the high volt- 
age pulse which is applied to the spark plug 10 for the 40 
#2 cylinder for detection of a misfire of the #2 cylinder, 
remains until the spark plug 10 for the #4 cylinder per- 
forms spark discharge. 

In the case where a misfire due to discharge failure 
(i.e., a misfire caused by the fact that the spark plug does 45 
not fire or discharge) of the spark plug 1 0 for the #2 cyl- 
inder occurs, signals exhibit such wave shapes shown in 
Fig. 12. 

In this case, the charge caused by the high voltage 
pulse 40 which is applied to the secondary winding 12 so 
for the #2 cylinder for detection of misfire of the #1 cylin- 
der remains even after elapse of the spark discharge tim- 
ing for the #2 cylinder, so even rf application of the high 
voltage pulse 40 is made for detection of a misfire of the 
#2 cylinder, a normal amplification output curve 601 can- 55 
not be obtained (at the elapsed time 803) and from this 
time onward it becomes impossible for the misfire detect- 
ing section of the misfire detecting device 8 allotted to 
the #2 cylinder and #4 cylinder to make judgment on a 



misfire. In the meantime, a misfire due to discharge fail- 
ure is caused in the case where the high tension code is 
disconnected from the spark plug (or in the case of their 
defective contact or breakage of the high tension code), 
or in the case where the required voltage becomes 
excessively high at engine high speed and high load. 

By providing each cylinder with a booster coil unit 
412, a diode 5 and a condenser voltage dividing circuit 
6, the above disadvantage can be overcome but consid- 
erably increase in cost is incurred and the space for 
arrangement of them becomes so large. The present 
invention aims at solving such a problem. 

Referring now to Figs. 1 to 5. a distributorless igni- 
tion system having incorporated therein a misfire detect- 
ing device according to an embodiment of the present 
invention is generally indicated by "A" and shown as 
being of the type for use in a four-cylinder engine. The 
ignition system includes ignition coils 1 . a battery 21 and 
power transistors 22 connected to respective primary 
windings 1 1 of the ignition coils 1 . an engine control unit 
(ECU) 3 for delivering an ignition signal 31 to the respec- 
tive power transistors 22, spark plugs 10 connected to 
secondary windings 12 of the ignition coils 1, a pulse 
generating circuit 4 for producing a high voltage pulse 
40. diodes 5, condenser voltage dividing circuits 6 for 
dividing the voltages at the cathode sides 51 . discharge 
circuits 7 for forcedly relieving the charge accumulated 
at the secondary winding 12 side, and a misfire detecting 
circuit 8 for receiving a divided voltage (i.e., a fraction of 
the total voltage) 60. 

Each of the ignition coils 1 (of single-ended distrib- 
utorless ignition type) is composed of hundreds of turns 
of a primary winding 1 1 and tens of thousands of turns 
of a secondary winding 12 which are wound on an iron 
core. The iron core is formed from a plurality of thin sili- 
con steel plates which are stacked one upon another. 
The windings are placed in a casing filled with resin 
(epoxy or the like). Each ignition coil 1 is a boosting coil 
having a primary terminals 1 1 1 , a primary terminal 112, 
a secondary high voltage positive terminal 121 and a 
secondary negative terminal 122 one by one. The pri- 
mary terminals 1 1 1 and 1 12 and the secondary negative 
terminal 122 are lead to the outside by means of con- 
nectors, and the secondary high voltage positive termi- 
nal 121 is connected to the spark plug 10 by way of a 
high tension rod. 

The primary winding 1 1 1 of each of the ignition coils 
1 is connected to a positive terminal 21 1 of the battery 
21, whilst a primary terminal 1 12 is connected to a col- 
lector 221 of the power transistor 22. 

The secondary high voltage positive terminals 121 
of the ignition coils 1 are connected to the center elec- 
trodes of the spark plugs 10 by using high tension rods 
and by interposing therebetween erroneous ignition pre- 
venting diodes 101, respectively. In the meantime, indi- 
cated by 13 are zero resetting diodes for relieving 
negative charges induced at the secondary winding 12 
sides. 
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The power transistors 22 for allowing battery current 
to flow intermittently and in turn through the primary 
windings 11 of the respective ignition coils 1 are put into 
an ON/OFF condition in response to an ignition signal 
3 1 delivered from the engine control unit 3 and make the 5 
secondary winding 12 develop a high voltage of several 
tens kilovolts when operated to change from the ON con- 
dition to the OFF condition. 

The engine control unit 3 determines an optimum 
ignition timing on the basis of various signals from an 
engine speed sensor, a coolant temperature sensor, a 
cam position sensor, etc. and delivers an ignition signal 

31 to the power transistors 22 so that spark discharge 
takes place at the optimum ignition timing. Further, 
engine control unit 3 determines, on the basis of the 
determined optimum ignition timing, a timing for deliver- 
ing a high voltage pulse 40 and delivers a pulse gener- 
ation instructing signal 32. 

In this embodiment, "primary current supplying 
means" is constituted by the engine control unit 3 and 
the power transistors 22. 

The spark plugs 10 are installed on the respective 
engine cylinders one by one and each adapted to fire or 
perform spark discharge when receiving a positive high 
voltage at the center electrode during a compression 
stroke. 

The pulse generating circuit 4 in this embodiment is 
composed of a boosting coil unit 42 connected at a pri- 
mary contact 41 1 of a primary coil 41 to the positive ter- 
minal 21 1 of the battery 21 , and a power transistor 43 
connected at a collector to an internal connecting termi- 
nal 412. The power transistor 43 is biased off or turned 
on in response to the pulse generation instructing signal 

32 delivered from the engine control unit 3 and causes 
a high voltage (about 3 kilovolts in this embodiment) 
which is not causative of spark discharge, to be produced 
at a secondary terminal 441 of a secondary coil 44 when 
biased off from a turned on condition. 

The diodes 5 which are high withstand voltage 
diodes for preventing reverse current, are connected at 
each anodes 52 to the secondary terminal 441 and at 
each cathodes 51 to the secondary negative terminals 
1 22 of the ignition coils 1 for the respective cylinders By 
this, a positive polarity high voltage pulse 40 delivered 
from the pulse generating circuit 4 is applied to each 
spark plugs 10 whilst the high voltage accumulated in 
the spark plugs 10 is prevented from flowing back to the 
pulse generating circuit 4. 

Each of the condenser voltage dividing circuits 6 is 
composed of a small capacity condenser 61 connected 
at an end to the cathode 51 of the diode 5 and a com- 
paratively large capacity condenser 62 connected at an 
end to the other end of the condenser 61 and grounded 
at the other end. and a resistor 63 of a high resistance 
connected in parallel to the condenser 62. 

By the capacity ratio of the condensers 61 and 62, 
the voltage at the cathode 51 side is divided, and the 
divided voltage 60 is supplied to the misfire detecting cir- 
cuit 8. 



Each of the discharge circuits 7 is composed of a 
semiconductor device 71 such as a transistor, MOS-FET, 
thyristor as shown in Figs. 2A, 2B and 2C, and a resistor 
72 connected across the collector (or drain, or anode) 
and the secondary negative terminal 122. The emitter 
(or source, or cathode) of each semiconductor device 71 
is grounded, and the base (or gate) of each semiconduc- 
tor device 71 receives the pulse generation instructing 
signal 32 as an input. 

The semiconductor devices 71 of the discharge cir- 
cuits 7 conduct during the time when the pulse genera- 
tion instructing signal 32 is maintained at a high level 
(after an ignition timing), and forcedly relieve the charges 
accumulated at the secondary winding 12 sides. 

The misfire detecting circuit 8 detects a misfire at 
each cylinders provided with the spark plugs 10 on the 
basis of how each divided voltage 60 drops, in the fol- 
lowing manner. 

Referring to Fig. 3, various signal voltage and output 
voltage variations in the ignition system when normal 
combustion has taken place will be described with 
respect to the #4 and #2 cylinders. 

At the elapsed times 801 and 803 which are just after 
spark discharge of the spark plugs 1 0 for the #4 and #2 
cylinders, ion current flows so that the amplification out- 
put curve 601 caused by the high voltage pulse 40 which 
is applied to the secondary windings 12 of the ignition 
coils 1 for the #2 and #4 cylinders, drops rapidly. Due to 
this, the misfire detecting section of the misfire detecting 
circuit 8 allotted to the #2 and #4 cylinders judges at the 
elapsed times 801 and 803 and on the basis of a com- 
parison output 81 of a short pulse width that normal com- 
bustion has taken place at the #4 and #2 cylinders. 

In this instance, at the elapsed times 802 and 804, 
none of the spark plugs 10 for the #2 and #4 cylinders 
has yet discharged so that the amplification output curve 
601 caused by the high voltage pulse 40 which is applied 
also to the secondary windings 1 2 for the #2 and #4 cyl- 
inders simultaneously with application of the high voltage 
pulse 40 for the purpose of detection of a misfire at the 
#1 and #3 cylinders, drops gradually. 

In the meantime, the residual charge caused by the 
high voltage pulse 40 which is applied to the secondary 
windings 12 for the #2 and #4 cylinders simultaneously 
with application of the high voltage pulse 40 for the pur- 
pose of detection of a misfire at the #1 cylinder and #3 
cylinder, is all discharged at the time of firing of the #2 
and #4 cylinders and is therefore already cleared at the 
elapsed times 803 and 801 when the high voltage pulse 
40 is to be applied for detection of a misfire at the #2 and 
#4 cylinders, thus not causing any problem. 

Referring to Fig. 4. various signal voltage and output 
voltage variations in the ignition system when a misfire 
due to combustion failure has occurred, will be described 
with respect to the #4 and #2 cylinders. 

At the elapsed time 801 , which is just after spark dis- 
charge of the spark plug 10 for the #4 cylinder takes 
place, ion current flows so that the amplification output 
curve 601 caused by the high voltage pulse 40 which is 
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applied to the secondary windings 12 of the ignition coils 
1 for the #2 cylinder and #4 cylinder, drops rapidly. Due 
to this, the misfire detecting section of the misfire detect- 
ing circuit 8 allotted to the #2 and #4 cylinders judges at 
the elapsed time 801 and on the basis of the comparison 5 
output 81 of a short pulse width that normal combustion 
has taken place at the #4 cylinder. 

At the elapsed times 802 and 804, none of the spark 
plugs 10 for the #2 cylinder and #4 cylinder has yet dis- 
charged so that the amplification output curve 601 w 
caused by the high voltage pulse 40 which is applied also 
to the secondary windings 1 2 for the #2 cylinder and #4 
cylinder simultaneously with application of the high volt- 
age pulse 40 for detection of a misfire at the #1 and #3 
cylinders, drops gradually. In the meantime, the residual is 
charge caused by the high voltage pulse 40 which is 
applied to the secondary windings 12 for the #2 and #4 
cylinders simultaneously with application of the high volt- 
age pulse 40 for the purpose of detecting a misfire at the 
#1 and #3 cylinders, is all discharged at the time of spark 20 
discharge of the #2 and #4 cylinders and is thus already 
cleared at the elapsed times 803 and 801 when the high 
voltage pulse 40 is to be applied for detection of a misfire 
at the #2 and #4 cylinders, thus not causing any problem. 

At the elapsed time 803 which is just after a misfire 25 
due to combustion failure of the spark plug 1 0 for the #2 
cylinder has occurred, ion current does not flow so that 
the amplification output curve 601 caused by the high 
voltage pulse 40 which is applied to the secondary wind- 
ings 12 of the ignition coils 1 for the #2 cylinder and #4 30 
cylinder, drops gradually. For this reason, the misfire 
detecting section of the misfire detecting circuit 8 allotted 
to the #2 and #4 cylinders judges at the elapsed time 803 
and on the basis of the comparison output 81 of a long 
pulse width that a misfire has occurred at the #2 cylinder. 35 
In the meantime, the residual charge caused by the high 
voltage pulse 40 applied to the secondary winding 1 2 for 
the spark plug 1 0 for the #2 cylinder, is discharged all by 
the discharge circuit 7 at the elapsed time 810. 

Referring to Fig. 5, various signal voltage and output 40 
voltage variations in the ignition system when a misfire 
due to discharge failure has occurred will be described 
with respect to the #4 and #2 cylinders. 

At the elapsed time 802, since it is not the timing for 
spark discharge of the #2 and #4 cylinders, the amplifi- 45 
cation output curve 601 caused by the high voltage pulse 
40 which is applied to the secondary windings 1 2 of the 
ignition coils 1 for the #2 and #4 cylinders, drops gradu- 
ally. Further, because of a misfire due to discharge failure 
at the #2 cylinder, spark discharge does not take place so 
at the timing of spark discharge for the #2 cylinder, the 
charge is all discharged at the elapsed time 81 1 by 
means of the discharge circuit 7. 

At the elapsed time 803, since it is the time after a 
misfire due to discharge failure of the spark plug 10 for 55 
the #2 cylinder has occurred, the charge is not dis- 
charged so that the amplification output curve 601 
caused by the high voltage pulse 40 which is applied to 
the secondary windings 12 of the ignition coils 1 for the 



#2 and #4 cylinders, drops gradually. For this reason, the 
misfire detecting section of the misfire detecting circuit 8 
allotted to the #2 and #4 cylinders judges at the elapsed 
time 803 and on the basis of the comparison output 81 
of a long pulse width that the misfire has occurred at the 
#2 cylinder. In the meantime, the residual charge caused 
by the high voltage pulse 40 which is applied to the spark 
plug 1 0 for the #2 cylinder is all discharged at the elapsed 
time 810 by means of the discharge circuit 7. 

In the meantime, a misfire due to discharge failure 
is caused in the case where the high tension code is dis- 
connected from the spark plug (or in the case of their 
defective contact or breakage of the high tension code), 
or in the case where the required voltage becomes 
excessively high at engine high speed and high load. 

Then, the advantages of this embodiment will be 
described. 

(a) The single-ended distributorless ignition system 
"A" having incorporated therein a misfire detecting 
device is constructed so as to forcedly relieve the 
charge which is accumulated at the secondary wind- 
ing 1 2 side of the ignition coil 1 as a result of a misfire 
due to discharge failure, by means of the discharge 
circuit 7 which operates in response to the pulse 
generation instructing signal 32 in a high level con- 
dition. 

As a result, the decay characteristic of the volt- 
age (which is caused by the application of the high 
voltage pulse 40) at the cathode 51 side of the diode 
5 can be observed correctly each time, so assured 
and reliable judgment on misfire due to combustion 
failure and misfire due to discharge failure can be 
attained. In the meantime, this embodiment requires 
one pulse generating circuit 4, two condenser volt- 
age dividing circuits 6 and two diodes 5, thus not 
increasing the cost considerably and not requiring a 
considerably large space for their disposition. 

(b) Since MOS-EFT has a function to serve as a 
diode which conducts in response to reverse volt- 
age, it is not broken by the reverse voltage and also 
has a function to double as zero resetting diodes 13 
for relieving negative charge remaining in the f bat- 
ing capacity for thereby preventing drop of the volt- 
age of the high voltage pulses 40. For this reason, 
in the case where the semiconductor devices 71 are 
MOS-FET, the zero resetting diodes 13 can be dis- 
pensed with. 

(c) The withstand voltage of the diode 5 which 
applies the high voltage pulse 40 to the secondary 
winding 12 and high tension code, is determined so 
as not to be broken by the voltage at the time of mis- 
fire due to discharge failure (i.e., high voltage which 
is produced in the secondary winding 12 for spark 
discharge but has nowhere to go, so decays whilst 
vibrating). In the case where the semiconductor 
device 71 is a transistor or MOS-FET, it is necessary 
to set the withstand voltage of the semiconductor 
device 71 higher than the withstand voltage of the 
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diode. In the meantime, in the case where the sem- 
iconductor device 71 is a transistor or MOS-FET and 
its withstand voltage is high, it will be of a high value 
and of a large capacity. 

However, in the case where the semiconductor 5 
device 71 is a thyristor, it just conducts when sub- 
jected to a voltage higher than the withstand voltage 
(so it is not broken), So, its withstand voltage can be 
set so as to withstand only the voltage for detection, 
whilst it has no problem on reverse voltage. Further, 10 
a thyristor of a small capacity but of a high withstand 
voltage, can be obtained with ease, thus making it 
possible to reduce the cost 
(d) Since the operation of the semiconductor device 
71 of the discharge circuit 7 is controlled by using a 75 
pulse generation instructing signal for generating a 
high voltage pulse 40, there is no necessity of pro- 
ducing a signal for controlling the semiconductor 
device 71 independently at the engine control unit 3. 

Referring to Fig. 6, a further embodiment of this 20 
invention will be described. A double-ended distrib- 
utorless ignition system having incorporated therein 
a misfire detecting device according to a further 
embodiment is generally indicated by "B" and shown 
as being of the type for use in a four-cylinder gaso- 25 
line engine. The ignition system includes ignition 
coils 1, a battery 21 and power transistors 22 con- 
nected to respective primary windings 1 1 of the igni- 
tion coils 1, an engine control unit (ECU) 3 for 
delivering an ignition signal 31 to each power tran- 30 
sistors 22, spark plugs 14 connected at a center 
electrode side to secondary negative terminals 1 22 
(hereafter called "secondary high voltage negative 
terminals" since a high negative voltage is build up 
in the terminals in a double-ended distributorless 35 
ignition system), spark plugs 15 connected at the 
center electrode sides to secondary high voltage 
positive terminals 132, a pulse generating circuit 4 
for producing a high voltage pulse 40, diodes 53, 
diodes 54, condenser voltage dividing circuits 6 for 40 
dividing the voltage at connecting lines 55, dis- 
charge circuits 7 for forcedly relieving the charge 
accumulated in the connecting lines 55, and a mis- 
fire detecting circuit 8 for receiving a divided voltage 
(i.e., a fraction of the total voltage) 60. 45 

Each of the ignition coils 1 (of simultaneous igni- 
tion type) is composed of hundreds of turns of the 
primary winding 1 1 and tends of thousands of turns 
of a secondary winding 12 which are wound on an 
iron core. The iron core is formed from a plurality of so 
thin silicon steel plates which are stacked one upon 
another. The windings are placed in a casing filled 
with resin (epoxy or the like). Each ignition coil 1 has, 
on the top face of the casing, primary terminals 1 1 1 
and 1 1 2, a secondary high voltage positive terminal 55 
121, and a secondary high voltage negative terminal 
122 which are independent from each other. 

The primary winding 1 1 1 of each of the ignition 
coils 1 is connected to a positive terminal 21 1 of the 



battery 2, whilst a primary terminal 1 1 2 is connected 
to a collector 221 of the power transistor 22. 

The secondary high voltage positive terminal 
121 and the secondary high voltage negative termi- 
nal 122 of each ignition coil 1 are connected to the 
center electrodes of the spark plugs 15 and 14 by 
way of high tension codes 51 1 and 521 , respectively. 

The power transistors 22 for allowing battery 
current to flow intermittently and in turn through the 
primary windings 1 1 are put into an ON/OFF condi- 
tion in response to an ignition signal 31 delivered 
from the engine control unit 3 and make the second- 
ary winding 1 2 develop a high voltage of several tens 
kiiovolts when operated to change from the ON con- 
dition to the OFF condition. 

The engine control unit 3 determines an opti- 
mum ignition timing on the basis of various signals 
from an engine speed sensor, a coolant temperature 
sensor, a cam position sensor, etc. and delivers an 
ignition signal 3 1 so that spark discharge takes place 
at the optimum ignition timing. Further, the engine 
control unit 3 determines, on the basis of the deter- 
mined optimum ignition timing, a timing for delivering 
a high voltage pulse 40 and delivers a pulse gener- 
ation instructing signal 32 to the pulse generating cir- 
cuit 4. 

In this embodiment, "primary current supplying 
means" is constituted by the engine control unit 3 
and the power transistors 22. 

The spark plugs 14 and 15 are installed on the 
respective engine cylinders and adapted to fire or 
perform spark discharge when receiving a positive 
high voltage (sparkplug 1 5) and a negative high volt- 
age (spark plug 1 4) during a compression stroke and 
an exhaust stroke. In the meantime, since the igni- 
tion system is of the double-ended type, the spark 
plug which is not on the firing cycle is caused to 
make wasteful spark discharge during an exhaust 
stroke. However, since such firing or spark dis- 
charge is performed under a nearly atmospheric 
pressure condition, the required voltage and the are 
maintaining voltage are both small so that the firing 
energy is always and mostly distributed to the spark 
plug on the firing cycle side. 

The pulse generating circuit 4 in this embodi- 
ment is composed of a boosting coil unit 42 con- 
nected at a primary terminal 41 1 of a primary coil 41 
to the positive terminal 21 1 of the battery 21 , and a 
power transistor 43 connected at a collector to an 
internal connecting terminal 412. When the power 
transistor 43 is biased off from a turned on condition, 
a high voltage (about 3 kiiovolts in this embodiment) 
which is not causative of spark discharge, is pro- 
duced at the secondary terminal 441 of the second- 
ary winding 44. 

The diodes 53 (firstdiodes) are connected at the 
anodes to the secondary terminal 441 and at the 
cathodes to the anodes of the respective diodes 54. 
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The diodes 54 (second diodes) are connected 
at the anodes to the cathodes of the respective 
diodes 53 and at th e cathodes to the secondary high 
voltage positive terminals 1 21 of the respective sec- 
ondary windings 12. 5 

The diodes 53 and 54 are constructed and 
arranged so as to apply the positive polarity pulse 
40 (about 3 kV) delivered from the pulse generating 
circuit 4 to the secondary high voltage positive ter- 
minal 121 whilst preventing a high voltage of a pos- 10 
itive potential produced at the secondary high 
voltage positive terminal 121 from flowing back to 
the pulse generating circuit 4. 

Each of the capacitor voltage dividing circuits 6 
is composed of a capacitor 61 of a small capacity 15 
(several pF) connected at an end to the connecting 
line 55 and a capacitor 62 of a comparatively large 
capacity (several thousands pF) which are con- 
nected in series, and a resistor 63 of a high resist- 
ance connected in parallel to the capacitor 62. 20 

For example, in the case of the capacities being 
5 pF and 1500 pF. the voltage dividing ratio is 1/300, 
so the voltage at the connecting line 55 is divided 
and reduced to 1/300 of the total voltage and the 
divided voltage 60 is supplied as an input to the mis- 25 
fire detecting device 8. 

Each of the discharge circuits 7 is composed of 
a semiconductor device 71 shown in Figs. 2A to 2C. 
and a resistor 72 (several kO) connected to the con- 
necting line 55. The emitter (or source, or cathode) 30 
of each semiconductor 7 is grounded, and the base 
(or gate) of each semiconductor 71 is supplied with 
the pulse generation instructing signal 32. 

The semiconductor devices 71 of the discharge 
circuits 7 are adapted to conduct during the time 35 
when the pulse generation instructing signal 32 is 
maintained at a high level (after an ignition timing) 
and forcedly relieve the charges accumulated in the 
connecting lines 55. 

The misfire detecting circuit 8 detects a misfire 40 
at each cylinders provided with the spark plugs 10 
on the basis of how the divided voltage 60. which 
appears as a result of application of the high voltage 
pulse 40, drops or decays, in such a manner as will 
be described hereinbelow. 45 

When normal combustion has taken place, ion 
current flows across the center electrode and the 
outer electrode of the spark plug 15, so the divided 
voltage 60 which appears as a result of application 
of the high voltage pulse 40, decays in a short time so 
and the misfire detecting circuit 8 judges that normal 
combustion has taken place. 

When a misfire due to combustion failure has 
occurred, ion current does not flow across the center 
electrode and the outer electrode of the spark plug ss 
15, so the divided voltage 60 which appears as a 
result of application of the high voltage pulse 40, 
drops gradually and the misfire detecting device 8 
judges that the misfire has occurred. In the mean- 
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time, the charge caused by the application of the 
high voltage pulse 40 is discharged at the time of the 
next spark discharge. 

When a misfire due to discharge failure has 
occurred, the charge is accumulated and the divided 
voltage 60 appearing as a result of application of the 
high voltage pulse 40 drops gradually, so the misfire 
detecting circuit 8 judges that the misfire has 
occurred. In the meantime, since spark discharge 
does not occur, the charge caused by the application 
of the high voltage pulse 40 is not discharged at the 
timing for spark discharge but just before application 
of the next high voltage pulse 40 the semiconductor 
device 71 of the discharge circuit 7 conducts and 
forcedly relieves the charge accumulated in the con- 
necting line 55 therefrom. 

Then the advantage of this embodiment will be 
described. 

(e) The double-ended distributorless ignition system 
"B" is constructed so as to forcedly relieve the 
charge which is accumulated in the connecting line 
55. by means of the discharge circuit 7 which is oper- 
ated by the pulse generation instructing signal 32 in 
a high level condition. 

For this reason, the decay characteristic of the 
voltage at the connecting line 55, which voltage is 
caused by the application of the high voltage pulse 
40, can be observed correctly each time, so judg- 
ment on a misfire due to combustion failure and a 
misfire due to discharge failure can be made assur- 
edly. In the meantime, since the misfire detecting 
device of this embodiment requires one pulse gen- 
erating circuit 4, two voltage dividing circuits 6, and 
two diodes 53, it does not increase the cost and the 
space for its arrangement considerably. 

This embodiment also has the advantages sim- 
ilar to the above described advantages (c) and (d). 

Referring to Fig. 7, a further embodiment of this 
invention will be described. A distributor type ignition 
system having incorporated therein a misfire detect- 
ing device of this embodiment is generally indicated 
by "C and includes an ignition coil 1, a battery 21 
and a power transistor 22 connected to a primary 
winding 1 1, an engine control unit 3 for delivering an 
ignition signal to the power transistor 22, a distributor 
1 6 connected at a rotor 1 63 to a high voltage positive 
terminal 123 of a secondary winding 12, spark plugs 
18 each provided to each cylinder, connected at 
center electrodes to respective side electrodes 162 
by way of high tension codes 1 7 and grounded at 
outer electrodes, a pulse generating circuit 4 for gen- 
erating a high voltage pulse 40 of positive polarity, 
diodes 53, diodes 54, capacitor voltage dividing cir- 
cuits 6 for dividing voltage at the connecting lines 55. 
discharge circuits 7 for forcedly relieving the charge 
accumulated in the connecting lines 55, and a mis- 
fire detecting circuit 8 receiving divided voltage 60 
as an input. 
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The ignition coil 1 has the same structure as that 
of the ignition system of Fig. 1 but another end (neg- 
ative terminal) 124 of the secondary winding 12 is 
grounded. 

The high voltage produced in the ignition coil 1 5 
is transmitted by way of a center code 1 9 to a center 
electrode 161. then applied to the side electrodes 

162 through transmission from a center contact 
piece to the rotor 163, and distributed to the spark 
plugs 1 8 by means of high tension codes 1 7. io 

The engine control unit 3 determines an opti- 
mum ignition timing on the basis of signals from an 
engine speed sensor, coolant temperature sensor, 
camposition sensor, etc. and delivers an ignition sig- 
nal 31. The ignition system is constructed so that is 
high voltage is produced at the secondary winding 
12 side of the ignition coil 1 just when the rotating 
rotor 1 63 comes to face each of the side electrodes 
162. 

There is a gap of about 0.5 mm between the fan- 20 
shaped end of the rotor 1 63 and the side electrodes 
162. However, for the reason of the atmospheric 
pressure, the high voltage for ignition can go over 
the gap with a quite small toss to reach the spark 
plugs 18. 25 

In case of a four-stroke cycle engine, one firing 
stroke occurs every two revolutions of the crank- 
shaft, so the gear ratio is determined so that the rotor 

1 63 of the distributor 1 6 rotates once every two rota- 
tions of the engine crankshaft, 30 

The diodes 53 (first diodes) are connected at the 
anodes to the secondary terminal 441 and at the 
cathodes to the anodes of the diodes 54. 

The diodes 54 (second diodes) are connected 
at the anodes to the cathodes of the diodes 53 and 35 
at the cathodes to the respective high tension codes 
17. 

By the diodes 53 and 54, the positive polarity 
pulse 40 (about 3 kilovolts) delivered by the pulse 
generating circuit 4 is applied to the high tension 40 
codes 17 and the high voltage for ignition is pre- 
vented from flowing back to the pulse generating cir- 
cuit 4. 

The pulse generating circuit 4, similarly to the 
embodiments of Figs. 1 and 6, is composed of a 45 
boosting coil unit 42 connected at the primary termi- 
nal 41 1 of the primary coil 41 to the positive terminal 
21 1 of the battery 2 1 , and a power transistor 43 con- 
nected at the collector to the internal connecting ter- 
minal 412. When the power transistor 43 is changed so 
from an ON concfition to an OFF condition, a positive 
high voltage pulse 40 (about 3 kilovolts in this 
embodiment) which is not causative of spark dis- 
charge is produced in the secondary coil 44. 

Each of the capacitor voltage dividing circuits 6 55 
is composed of a capacitor 61 of a small capacity 
(several pF) connected at an end to the connecting 
line 55 and a capacitor 62 of a comparatively large 
■ capacity (several thousands pF) which are con- 



nected in series, and a resistor 63 of a high resist- 
ance connected in parallel to the capacitor 62. 

For example, in the case of the capacities being 
5 pF and 1 500 pF, the voltage dividing ratio is 1 /300, 
so the voltage at the connecting line 55 is divided 
and reduced to 1/300 of the total voltage and the 
divided voltage 60 is supplied as an input to the mis- 
fire detecting device 8. 

Each of the discharge circuits 7 is composed of 
a semiconductor device 71 shown in Figs. 2A to 2C, 
and a resistor 72 (several kft) connected to the con- 
necting line 55. The emitter (or source or cathode) 
of each semiconductor device 7 is grounded, and 
the base (or gate) of each semiconductor device 71 
receives the pulse generation instructing signal 32. 

The semiconductor devices 71 of the discharge 
circuits 7 are adapted to conduct during the time 
when the pulse generation instructing signal 32 is 
maintained at a high level after an ignition timing and 
just before the pulse generating circuit 4 generates 
a high voltage pulse 40, and forcedly relieve the 
charge accumulated in the connecting line 55. 

The misfire detecting circuit 8 detects a misfire 
at each cylinders provided with the spark plugs 18 
on the basis of how the divided voltage 60, which 
appears as a result of application of the high voltage 
pulse 40. drops or decays, in such a manner as will 
be described hereinbelow. 

When normal combustion has occurred, ion cur- 
rent does not flow across the center electrode-outer 
electrode of the spark plug 1 8, so the cfi vided voltage 
60 which appears as a result of application of the 
high voltage pulse 40, drops in a short time, and the 
misfire detecting device 8 judges that normal com- 
bustion has occurred. 

When a misfire due to combustion failure has 
occurred, the charge is accumulated and the divided 
voltage 60, which appears as a result of application 
of the high voltage pulse 40, drops gradually, so the 
misfire detecting device 8 judges that a misfire has 
occurred. In the meantime, the charge accumulated 
as a result of application of the high voltage 40 is 
discharged at the time of next spark discharge. 

When a misfire due to discharge failure has 
occurred, the charge is accumulated and the divided 
voltage 60 appearing as a result of application of the 
high voltage pulse 40 drops gradually, so the misfire 
detecting circuit 8 judges that the misfire has 
occurred. In the meantime, since spark discharge 
does not occur, the charge that has caused due to 
application of the high voltage pulse 40 is not dis- 
charged at the timing of spark discharge. However, 
just before application of the next high voltage pulse 
40. the semiconductor device 71 of the discharge 
circuit 7 conducts and forcedly relieves the charge 
accumulated in the connecting line 55. 

Then, the advantages of this embodiment will 
be described. 
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(f) The distributor type ignition system "C" having 
incorporated therein a misfire detecting device is 
constructed so as to forcedly relieve the charge 
which is accumulated in the connecting line 55 as a 
result of a misfire due to spark discharge, by means 5 
of the discharge circuit 7 which is operated by the 
pulse generation instructing signal 32 in a high level 
condition. 

For this reason, the decay characteristic of the volt- 
age at the connecting line 55, which voltage is caused 
by the application of the high voltage pulse 40, can be 
observed correctly each time, and judgment on misfire 
due to combustion failure and misfire due to discharge 
failure can be made assuredly. In the meantime, the 
number of the pulse generating circuit 4 is one, thus not 
increasing the cost and the space for arrangement con- 
siderably. 

This embodiment also has advantages similar to the 
above described advantages (c) and (d). 

While the present invention has been described and 
shown with respect to the embodiments as above, it is 
not for the purpose of limitation but various modifications 
and variations thereof can be made. 

For example, in the above described embodiments, 
the ignition signal 31 may be used for providing a circuit 
which outputs a high level pulse to the semiconductor 
device 71 of the discharge circuit 7 at the time of change 
of the ignition signal from a high level condition to a low 
level condition and thereby forcedly relieves the charge 
accumulated in the floating capacity at that time. 

Further, in the above described embodiments, the 
engine control unit 3 may otherwise be structured so as 
to separately deliver a trigger signal for triggering the 
semiconductor device 71 in conduction. In this case, if 
the semiconductor device 71 is selectively triggered in 
such a manner as to discharge only the charge which is 
accumulated in the connecting line 55 and whose decay 
characteristic is to be observed, the heating of the sem- 
iconductor device 71 is desi redly suppressed. 

On the other hand, for the discharge means, another 
semiconductor, relay, switching device such as photoe- 
lectric switching device, etc. may be otherwise be used. 
Further, other than such a switching device, a discharge 
circuit may be constituted by using a resistor R as shown 
in Fig. 8. 

That is, Fig. 8 shows a double-ended distributorless 
ignition system which differs from the ignition system "B n 
of Fig. 6 in that the discharge circuits 7 composed of the 
semiconductor devices 71 and the resistors 72 are 
replaced by resistors "R" for discharge which are con- 
nected in parallel to the capacitor voltage dividing circuits 
6. By this, the charge accumulated in the connecting 
lines 55 can be discharged continuously by way of the 
resistors "FT. so the same effect as the embodiment of 
Fig. 6 can be obtained. 

In this case, in order that the misfire detecting circuit 
8 can detect a misfire on the basis of the decay charac- 
teristic of the divided voltage 60 obtained by the capac- 
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itor voltage dividing circuits 6, it is required that the 
resistance of the resistors "FT be set sufficiently larger 
(e.g., 10Mn - lOOrVto) than the resistance which is 
caused across the discharge electrodes (center elec- 
trode-outer electrode) of the spark plugs 14 or 15 after 
normal combustion occurs in response to application of 
a high voltage for ignition. 

Further, in the case where the resistance of the 
resistor R is too large, the desired purpose for discharg- 
ing the accumulated charge cannot be achieved suffi- 
ciently. That is, in the case of continuous misfires, it is 
necessary that the voltage at the divided voltage 60 out- 
put portion of the capacitor divided voltage circuit 6 
remains sagged. To this end, it is necessary that the dis- 
charge time constant which is the product of the electro- 
static capacity of the capacitor 61 on the connecting line 
55 side of the capacitor voltage dividing circuit 6 and the 
resistance of the resistor R is smaller than the discharge 
time constant which is the product of the electrostatic 
capacity of the capacitor 62 on the grounded side of the 
capacitor voltage dividing circuit 6 and the resistance of 
the resistor 63 connected in parallel to the capacitor 62. 

Accordingly, the upper limit of the resistance of each 
resistors R is set so as to satisfy the above condition. 
Specifically, for example in the case where the electro- 
static capacity on the connecting line 55 side of the 
capacitor divided voltage circuit 6 is set to 50 pF and the 
electrostatic capacity of the capacitor 62 on the 
grounded side is set to 10000 pF so that the capacitor 
divided voltage ratio of the capacitor voltage dividing cir- 
cuit 6 is set to 1/200, it will do to set the resistance of the 
resistor R to 10 MO and the discharge time constant by 
the resistor R to about 0.5 msec. However, in this 
instance, it will do to use resistors of about 1 0 Mn for the 
resistors 63 connected in parallel to the capacitors 62 on 
the grounded side. 

In this manner, in the case where the discharge 
means is constituted by utilizing a resistor R connected 
in parallel to the capacitor voltage dividing circuit 6, a 
usual resistor can be used for the resistor since assum- 
ing that the high voltage pulse is 1 kV and the resistance 
of the resistor R is 1 0 KO, the power applied to the resis- 
tor R is about 0.1 W, so it is not necessary to utilize an 
expensive semiconductor device such as a transistor, 
MOS-FET, thyristor and further a control for controlling 
the discharge timing at which the semiconductor device 
is turned on for discharge, thus making it possible to 
obtain the discharge means at a low cost and with a quite 
simple structure. 

In the meantime, it is a matter of course that the 
structure of utilizing such a resistor R for the discharge 
means can be applied to, other than the double-ended 
distributorless ignition system "B" shown in Fig. 8, a sin- 
gle-ended distributorless ignition system "A" shown in 
Fig. 1 , and the distributor type ignition system "C" shown 
in Fig. 7 to produce the same effects. 
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Claims 

1 . A method of detecting a misf ire of an ignition system 
for making primary current flow intermittently 
through a primary winding of an ignition coil for 5 
thereby producing a high voltage for ignition in a sec- 
ondary winding, and supplying the high voltage for 
ignition produced in the secondary winding to spark 
plugs provided to respective cylinders of a murti -cyl- 
inder internal combustion engine, comprising the 10 
steps of: 

applying a high voltage pulse which is not so 
high as cause spark discharge, to the secondary 
winding side by way of a diode during the time after 
completion of spark discharge and before genera- is 
Won of a high voltage for next ignition; 

detecting a misfire at each cylinder on the 
basis of a decay characteristic of a voltage at a cath- 
ode side of the cfiode; and 

discharging a charge accumulated at the sec- 20 
ondary winding side of said ignition coil before a next 
high voltage pulse is supplied to said secondary 
winding side. 

2. A misfire detecting device for a single-ended distrib- 25 
utorless ignition system having ignition coils of the 
same number as cylinders of an engine and each 
having a primary winding and a secondary winding 
independent from the primary winding, primary cur- 
rent supplying means for supplying battery current 30 
to the primary windings of the ignition coils intermit- 
tently and in turn, and spark plugs provided to the 
respective cylinders of the engine and each con- 
nected at a center electrode side to one end of the 
secondary winding and at an outer electrode side to 35 
a cylinder side for grounding, the misfire detecting 
device comprising: 

pulse generating means for generating a high 
voltage pulse which is not so high as to cause spark 
discharge during the time after completion of spark 40 
discharge of one of the spark plugs and before appli- 
cation of a high voltage for ignition to another of the 
spark plugs which is to discharge next; 

reverse current preventing diodes each for 
applying said high voltage pulse to another end of 45 
the secondary winding; 

voltage dividing means for dividing a voltage 
at said other end of the secondary winding to obtain 
a divided voltage thereat; 

detecting means for detecting a misfire on the so 
basis of a decay characteristic of said divided volt- 
age after application of said high voltage pulse; and 
discharge means for discharging a charge 
accumulated in the secondary winding of each of the 
ignition coils before said pulse generating means ss 
generates a next high voltage pulse. 

3. The misfire detecting device according to claim 2, 
wherein said discharge means comprises a semi- 



conductor device selected from the group consisting 
of a transistor, MOS-FET and thyristor. 

4. The misfire detecting device according to claim 2. 
wherein said pulse generating means comprises a 
boosting coil unit having a primary coil and a sec- 
ondary coil having more turns than said primary coil, 
and a semiconductor switching device for making 
current flow intermittently through said primary coil 
in response to a control pulse signal supplied 
thereto, said control pulse signal being also supplied 
to said semiconductor device so that when said con- 
trol pulse signal is in a high level condition said sem- 
iconductor device conducts to forcedly discharge 
said charge accumulated in said secondary winding 
and when said control pulse signal is changed from 
a high level condition to a low level condition said 
high voltage pulse is generated in said secondary 
coil of said boosting coil unit 

5. The misfire detecting device according to claim 2, 
wherein said discharge means is connected in par- 
allel to said voltage dividing means and comprises 
a resistor having a resistance which is larger than a 
resistance caused across electrodes of each of said 
spark plugs after normal combustion, said charge 
accumulated in said secondary winding being dis- 
charged though said resistor with a predetermined 
time constant. 

6. A misfire detecting device for a double-ended dis- 
tributorless ignition system having a plurality of igni- 
tion coils for simultaneous spark, primary current 
supplying means for supplying battery current to pri- 
mary windings of the ignition coils intermittently and 
in turn, and positive ignition sparkplugs connected 
at center electrodes to positive pole sides of respec- 
tive secondary windings of the ignition coils and 
grounded at outer electrodes, negative ignition 
spark plugs connected at center electrodes to neg- 
ative pole sides of the respective secondary wind- 
ings and grounded at outer electrodes, the misfire 
detecting device comprising: 

pulse generating means for generating a pos- 
itive polarity pulse which is not so high as to cause 
spark discharge, during the time after completion of 
spark discharge of one of the spark plugs and before 
application of a high voltage for ignition to another 
of the spark plugs which is to discharge next; 

first diodes connected at anodes to an output 
end of said pulse generating means; 

second diodes connected at anodes to the 
cathodes of said respective first diodes and at cath- 
odes to positive pole sides of the respective second- 
ary windings; 

voltage dividing means for dividing voltages 
at connecting lines connecting between the cath- 
odes of said first diodes and the anodes of said sec- 
ond diodes to obtain divided voltages thereat; 
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detecting means for detecting a misfire on the 
basis of decay characteristics of said divided volt- 
ages after application of said high voltage pulse; and 

discharge means for discharging a charge 
accumulated in each of said connecting fines before s 
said pulse generating means generates a next high 
voltage pulse. 

7. The misfire detecting device according to claim 6, 
wherein said discharge means comprises a semi- 10 
conductor device selected from the group consisting 

of a transistor, MOS-FET and thyristor. 

8. The misfire detecting device according to claim 6, 
wherein said pulse generating means comprises a is 
boosting coil unit having a primary coil and a sec- 
ondary coil having more turns than said primary coil, 
and a semiconductor switching device for making 
current flow intermittently through said primary coil 

in response to a control pulse signal supplied 20 
thereto, said control signal being also supplied to 
said semiconductor device so that when said control 
pulse signal is in a high level condition said semi- 
conductor device conducts to carry out forced dis- 
charge and when said control pulse signal is 25 
changed from a high level condition to a low level 
condition said high voltage pulse is generated in said 
secondary coil of said boosting coil unit. 

9. The misfire detecting device according to claim 6, 30 
wherein said discharge means is connected in par- 
allel to said voltage dividing means and comprises 

a resistor having a resistance which is larger than a 
resistance caused across said electrodes of each of 
said spark plugs after normal combustion, said 35 
charge accumulated in each of said connecting lines 
being discharged through said resistor with a prede- 
termined time constant. 

10. A misfire detecting device for an ignition having an 40 
ignition coil having a primary winding and a second- 
ary winding, primary current supplying means for 
intermittently supplying battery current to the pri- 
mary winding of the ignition coil, a distributor con- 
nected at a rotor side to one end of the secondary 
winding, and a spark plug for each cylinder, con- 
nected at a center electrode to a side electrode of 
the distributor by way of a high tension code and 
grounded at an outer electrode side to a cylinder 
side, the misfire detecting device comprising: 

pulse generating means for generating a high 
voltage pulse which is not so high as to cause spark 
discharge just after completion of spark discharge 
of said spark plug; 

a first diode connected at an anode to an out- 55 
put end of said pulse generating means; 

a second diode connected at an anode to a 
cathode of said first diode and at a cathode to said 
high tension code; 



voltage dividing means for dividing a voltage 
at a connecting line connecting between said cath- 
ode of said first diode and said anode of said second 
diode to obtain a divided voltage thereat; 

detecting means for detecting a misfire on the 
basis of a decay characteristic of said divided volt- 
age after application of said high voltage pulse; and 

discharge means for discharging a charge 
accumulated in said connecting line before said 
pulse generating means generates a next high volt- 
age pulse. 

11. The misfire detecting device according to claim 10. 
wherein said discharge means comprises a semi- 
conductor device selected from the group consisting 
of a transistor, MOS-FET and thyristor. 

12. The misfire detecting device according to claim 10, 
wherein said pulse generating means comprises a 
boosting coil unit having a primary coil and a sec- 
ondary coil having more turns than said primary coil, 
and a semiconductor switching device for making 
current flow intermittently through said primary coil 
in response to a control pulse signal supplied 
thereto, said control signal being also supplied to 
said semiconductor device so that when said control 
pulse signal is in a high level condition said semi- 
conductor device conducts to carry out forced dis- 
charge and when said control pulse signal is 
changed from a high level condition to a low level 
condition said high voltage pulse is generated in said 
secondary coil of said boosting coil unit. 

13. The misfire detecting device according to claim 10, 
wherein said discharge means is connected in par- 
allel to said voltage dividing means and comprises 
a resistor having a resistance which is larger than a 
resistance caused across electrodes of the spark 
plug after normal combustion, said charge accumu- 
lated in said connecting line being discharged 
through said resistor with a predetermined time con- 
stant. 
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(54) Misfire detecting device for gasoline internal combustion engine 



(57) A method of detecting a misfire of a gasoline 
internal combustion engine is provided. By this method, 
a high voltage pulse which is not so high as to cause 
spark discharge, is applied to a secondary winding side 
of an ignition coil by way of a diode during the time after 
completion of spark discharge and before generation of 
a high voltage for next ignition, a misfire at each cylinder 
is detected on the basis of a decay characteristic of a 



voltage at a cathode side of the diode, and a charge 
accumulated at the secondary winding side of the igni- 
tion coil is forcedly discharged before a next high volt- 
age pulse is supplied to the secondary winding side. A 
device for carrying out the above method is also pro- 
vided. 



FIG.1 



2L , 2 II I 12* 




Printed by Rank Xerox (UK) Business Services 
2.14.23/3.4 



EP0 711 917 A3 



3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application IS timber 

EP 95 11 7621 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to < 



CLASSIFICATION OF THE 
APPLICATION (IM.CL6) 



PATENT ABSTRACTS OF JAPAN 
vol. 017, no. 447 (M-1464), 17 August 1993 
& JP 05 099113 A (NGK SPARK PLUG CO LTD), 
20 April 1993, 
abstract * 

PATENT ABSTRACTS OF JAPAN 
vol. 017, no. 191 (M-1396), 14 April 1993 
& JP 04 339175 A (NGK SPARK PLUG CO LTD), 
26 November 1992, 
abstract * 

EP 0 513 996 A (NGK SPARK PLUG CO ; HONDA 
MOTOR CO LTD (JP)) 19 November 1992 
column 1, line 18 - line 56 * 
column 2, line 9 - line 55; figure 1 * 

EP 0 272 225 A (FIAT AUTO SPA) 22 June 
1988 

* column 2, line 28 - column 3, line 24; 
figures 1,4 * 



-4,6-8, 
0-12 



1-4,6-8, 
10-12 



1-3,5-7, 
9-11,13 



F02P17/12 



TECHNICAL FIELDS 
SEARCHED (IntCLo) 



F02P 



The present search report has been drawn up for all claims 



THE HAGUE 



Die ai cmopletfau of Ifce icad 

1 September 1997 



Fuchs, P 



CATEGORY OF CITED DOCUMENTS 



X : particularly relevant if taken alone 
Y : particularly relevant if con bin ed with 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, but published on, 01 

after the filing date 
D : document cited in the application 
L : document died for other reasons 



& : mem her of the same patent family, corresponding 
document 



2 

^NL«^nnrjr>_<c:p 07x1m 7A3_i_> 



